Great Basin Naturalist 53:1), pp. 13-23 


BRYOP hi Ges OMIT CALCAREOUS sOlLs-OF 
NIUNGO NATIONAL PARK, 
ANMARID AREA OF SOUTHERN CENTRAL AUSTRALIA 


ae Downing! and P.M. Selkirk’ 


ABsTRACT—Bryophvtes were found to be abundant as components of microbiotic soil crusts on the calcareous soils of 
Nhuingo National Park, an arid area of southera central Australia. Six sites that reflected differences in soils. topography. and 
vascular plant vegetation were studied. At each site brvophytes were abundant. both in terms of number of specics present 
and percent ground cover. Number of species present did not differ signifie: antly between sites. but percent brophyte cover 
was lower at a site on sand dunes in mallee woodland and a site on a silcrete ridge than at the tour other sites. Environmental 
factors (soil texture, pH. conductivity, nutrient status, vascular plant vegetation. light level. leaf litter. and fire frequena 
appear to play a significant part in determining brvophvte distribution. Mosses that occnr at Mungo are also widespread on 
caleareous substrates throughout arid southern Australia. 

Manv of the brvophyte species present at Mungo also occur on limestones in high rainfall areas of eastern Australia. 
Environmental factors favoring brvophytic soil crusts in arid Australia are also present on limestones in high rainfall areas 
of eastern Australia and mav account for the presence of many arid zone brvophyte species on limestones. In Australia there 
appears to be a relationship between rainfall and the ratios of acrocarpous to pleurocarpous mosses. and thallose to leaty 
liverworts. Recognition of calcareous soils, widespread in arid areas of southern Australia. may be possible by assessing a 
combination of characteristics of brvophyte assemblages. 


Key words: arid lands, Australia. bryopliytes, calcareous soils, limestones. microbiotic crusts. 


This investigation of brvophyte distribution — holding known as Mungo was purchased by the 
at Mungo eicnal Park was undertaken as part = New South Wales National Parks and Wildlife 
of a Sider study to determine whether there is | Service. In 1979 Maumgo was officially declared 
a suite of bn ophvtes consistently associated — a national park and was extended in 19$4 when 
with calcareous soils in Australia, and whether it — Zanci, the adjoining property to the north, was 
is possible to determine the calcareous nature added to the park. Sheep and cattle were re- 
of a substrate by the associated bryophytes. — movec d from Mungo in 1975, their absence was 
Many brv ophyte species that occur on lime- important in our selection of a study area. as 
stones in the high rainfall areas of eastern Aus- observations of bryophytes on limestones and 
tralia are more usually associated with aridareas — siltstones at Attunga in eastern Australia indi- 
of Australia (Downing 1992, Downing et al. cate that the presence of sheep changes the 
1991). This study considers the relationships nature of brophyvte assemblages | Downing 
between br ‘ophytes of arid areas of southemm — 1992). Graetz and Tongwav | 1986) have shown 
Australia and bryophytes on limestones in the — that removal of microbiotic soil crusts In heaw 
relatively high rainfall areas of ci stern Australia. grazing causes changes in soil structire and 

Mingo National Parki3s™5'S. 112°59 £91 che smistry which are signific: int for plant growth. 
M1.aL.s a heseerlmittie aialis arid zone | Fig. Overseas studies | Brotherson et al. 1983. Johan- 

1) and is well known for its significance in Abo- sen and St. Clair 1986, Kleiner and Har per 
riginal prehistory, with Aboriginal occupation 1972) have shown that severe trampling by graz- 
dating back to 40,000 v.b.p. Prior to 1922 a ing animals can be the most damaging hazard of 
present Mingo National Park was part of microbiotic crusts in North American deserts. 
property of 203,000 ha carving approximateh ik Lake Mingo lies on the flat plains of the 
50,000 sheep. The property Was subsequently Murray Basin, a shallow sedimentary basin 
divided into smaller holdings; and, in 1975. the — created by subsidence at the beginning of the 
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Fig. 1 Map ob Australia showing location of Carnarvon and Nullarbor Botanical regions and sites described in the text 


nerelation to the Australian Arid Zone. 


Terti IV. NOW Consisting of (uate mary aeolian 
sediments ove hing Tertiary marine sequences 
Geological Surve v of NSW 971). Flavial and 
lacustrine sediments were deposited during the 
Pleistocene. and these are overlain by Quater- 
nan sandy to clavey calcareous sediments. the 
inost Widespread surface geological formation 
of the Murray Basin Northeote 19S0 . 
Calcareons materials are a significant feature 
of the area. and calcein carbonate CaCO | can 
he present | 3-50 “fine earth car- 
bonate. Cale carbonate can be present also 
ws cderete nodules. which are soft te verv hard 
concentrations of caleinm: carbonate cemented 


in soils as 


15. 45% calernin earbonate) in a usnally 
leurcous soil mix Goudie 1983). The 
leeavousof ayost soils in the area are 
il tot the calcareous earths have 
wm S6 and 9.5. Deep sands are 
air Land: pil values close to 
TieTUC eat Comtent can be as low 
as 0 O02 5 other soils. with 
the: gceNit horizons where 
there the Wiulation of 
caleiian carbonats O>-0,066 
nthe \horvzons of a rm low 
rune ratter r low 

woh r a se DATES 

| body? GSO. 


Phosphonis content is alwavs low (<0.001% } 
and is correlated with soil texture ates 
19S0. Stafford Smith and Morton 1990). 

Lake Mungo, a vast. drv lake. is the principal 
landform of Mungo National Park. The lmette 
or crescent-shaped ridge that flanks the eastem 
shore of Lake Mungo and dominates the land- 
scape is visible from the air as far as 100 km away. 
The base of the hinette is composed of clay, silt, 
and sand. topped by mobile siliceous sands. 


The lake floor consists of vellow-grev crack- 
ing clavs. To the west of the lake and to the 
southeast of the Inmette are open plains of 
brown calcareous earths. On the northeastern 
side of the linette are ey dunes of 
siliceous sands | Eldridge 1955). A low silcrete 
ridge rnns through the northwestern section of 
the lake. This is the only site within the park 
where rock }exclading calerete rubble) is found, 
and the hard silerete rock has been a valuable 
resource for stone tool manufacture by Aborigi- 
nal people. 

\iingo lies within the and zone of Australia 
as defined by Meigs 1953). with the southern 
boundary of the Australian Arid Zone following 
the 250-nun rainfall isohvet, the easter a 
northem boundary following the 375-mm iso- 
hvet. and the lndian Ocean forming the bomnd- 
urv in the west) Fig. 1). 
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TABLE 1. Climatic data. \lean monthly maxim and minimann temperatures C 
mewn Maximum temperature, 


kin SW of Mungo National Park: nimax = 
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for Mildura, 34 14S, 142.05 £. 95 


W.TN. mean maa te mperature Burean 


of Meteorology 1973). Average monthly rainfall in mm for Pooncarie, 33 22'S, 142.35', 56 km NW of Mungo) Burean of 
Meteorology 1975). Rdavs = mituber of rain davs. 
| | \ \ \] J \ S Q N 1) Yearly 

Temperature 

ea =) Ae 31 25 2.4 19 16 lee iF () 24 are 30 2 

W.miin. #C) li 16 l4 ll 1 4 5 7 1) ee ee 10 
Rainfall 

Mean (mim) 21 20) er Ss 26 a an ? 2] 26 20) an 262 

Median (mm) 9 S 9 10 1S 19 1S 20) 15 1S 10 11 2.46 

Relays 3 a 2 | BI! ra 5) { | 3 , 13 

Mingo National Park has hot, div summers Site) 33°43'45 Sulla OF 13° B95 mews, 


tl coBleemiters (Table I—records for Mildura. 
closest temperature-recording station). Taking 
into account its more northerly location, mean 
monthly temperatures at Mingo are likely to be 
1226 higher than those of lcuee Frosts are 
common during the cooler months of the vear. 
Rainall averages for Pooncarie, 33°22'S. 
142°33'E (closest rainfall recording station to 
Mungo; Table 1), recorded over 103 vears indi- 


cate an evenly distributed rainfall (Bureau of 


Meteorology 19592). However inarid Australia. 
where there is considerable variation in rainfall 


from vear to vear, the mean is often much higher 


than the Rca and thus the median eaaell 


value is amore reliable indicator ofa typical veur 


(Bureau of Meteorology 19$9a). Mungo falls 
within an area of moderate to high rainfall vari- 
ability (Bureau of Meteorology 19S9b). 

Mungo National Park lies Batis the Eastemm 
Mulga Region of Arid Australia (Jessop 1951). 
The vegetation of Mungo National Park has 
been ell documented ‘by Rice (1986), who 
recognized four vegetation types: lakebed che- 
nopod) shrubland, Heterodendrimu/Casuarina 
woodlands, mallee woodlands, and lnette 
vegetation, 


METHODS 


Six sites that reflected differences in topog- 
raphy, soils, and vascular plant vegetation were 
selected for study (Fig. 2). Ate sel} site a 10-m- 
long transect was set out. Along this transect, 
two adjacent rows of }-ine * quadrats were stud- 
ied, giving a total of twenty !-mr> quadrats for 
each site. Direction and slope of each transect 
were recorded. Fieldwork was carried out in 


Mav and October 1991. 


western shore of Lake Mungo. An eroded area 
close to Mungo homestead and shearing shed. 
Caleareons brown earth Chenopod 
shrubland with Maireana pyramidata (Benth. 
PG. Wilson thlack blae bush) and occasional 
Casuarina cristata Nig, ssp. pauper ¥. Muell. 
ax\ liq.) L. a S. Johnson ( oe ah). 

Site: B: 3:33 SSMIa’S, 143707 24° E65 marsh. 
lake floor. S\y of Walls of i he Yellow -grev 
cracking clavs. Chenopod shrubland with 
Maireana pyranidata and sparse grasses. 

Site C203 fo 10 S143 OF 30 ia, 
lnnette, easter lake shore, N of Grand Canvon 
track. Yellow-grev cracking clav but with more 
sand on the surface than at site B. Che ‘nopod 
sinmbland with Maireana pyramidata and 
GTASSCS. 

SiteeD: 33°47 14S, 143*07'40" Be 62 nics. 
belah woodland. On the plain to the east of the 
lnnette. Uneroded calcareous brown earth. [et- 
erodendrum oleifolium DestiCasuarina cris- 
tata woodland with Maireana pyramidata and 
Enchylaena tomentosa R. Br. as andershibs. 

Site BE: 33713'55"S, 143°10°20" E055 ms. 
mallee/dine. Dune crest in subparabolic dunes. 
Red siliceous sand. Mallee woodland of Euca- 
lyptus socialis Fo Muell. ex Mig.. E. foectuida 
Schauer, E. dumosa \. Cunn. ex Schauer ssp. 
dumosa, and Triodia irritans BR. Br. var. laxispi- 
cata N.'T. Burb. (spinilex grass). 

Site F: 33°13’ 16'S 102 26, | satire: 
silerete ridge, NW lake floor. Yellow-grey crack- 
ing clavs. Ontcropping silerete rock embedded 
in the soil and scatterings of stone chips and 
flakes on the surface of the soil. Chenopod 
shrubland, including Maireana pyramidata, M. 
sedifolia ( Muell.) PG. Wilson | pearl bhie 


soils. 
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Fig. 2. Map of Lake Mungo and surroundings showing location of six study sites. A-western lake shore, Blake floor, 


(. hunette, D-belah woodland. E-mallee/dune, 


bush). and Atriplex vesicaria Hleward ex Benth. 
bladder saltbush). 


Because of their sinall size (<5 mim), brvo- 
phytes present at Mungo could only be dente 
fied to species level alter Microscopic 
C\amination in the laboratory, The presence of 

Vithin a qui adrat was recorded and is 

; to as an “ocenrrence.” Tn addition to 

corded from transect sites. 

piled for the park. Bryo- 

lalso froma gypsiim ical- 

hound approximately 16 

f L42>-b) 76), 

was estimated 

so made of 

BY lants. leaf 

rbonate 

No crete 

ric fifth. 
mc 


, 


] 


~ 


F—silerete ridge. 


tested for reaction to 0.5 M 1IC1, for electrical 
conductivity, and for pHT(H:0). 

Because many bryophytes of arid regions are 
ephemerals, additional soil was colle ted from 
each site. Pots of soil were iaintained in an 
unshaded glasshouse at Macquarie University, 
meatercd wathudistillees acer and kept covered 
with sheets of glass to minimize invasion by 
glasshouse bryophyte species. Specimens grow- 
ing from propagules present in the soil were 
recorded. 

Brvophyte specimens were identified nsing 
published keys and descriptions, partic salarly 
those in Catcheside (1980), Scott (1985), Scott 
and Stone (1976), Beever (1988), and Sainsbury 
(1071). Assistance from specialists was obtained 
in identifying some difficult speciniens. The 
names of bry ophytes in this study for the most 
part follow Streimann and Cumow (1989) and 
Scott. (1985). Didymodou subtorquatus (C. 
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TABLE 


Number of occurrences of each species and brvophivte percent 
transect at a site at Mungo National Park. A-western lake shore, B Jake Moor cover. 
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recorded frou: the 
D-belah woodlaud. 


stands a deviation 
‘-hinette, 


K—mallee/dune, F-silerete ridge. Each transect consists of twe uty [-me -quadr: its. Maina aie of Occurrences possible 


per site = 20. ° indicates specics cultivated. 





Species collected \ FY os 1) I | Total 
[. Didymodon torqualns gis 2) 2) 20) 1S 2A) 11S 
2. Brynn paclaytheca =?) "19 le °20) | sai 93 
3. Desmatodon convolutus ») IS 1] 19 1S }2 S6 
4. Crossidiian eelwebii 7 20) 19 20) 4 71 
5. Crossidinin davidai 10 2 7 7 11 5% 
6. Moina bifrons > 3 19 3 13 13 
7. Gigaspermune repens - | 19 of 
S. Barbula hornschuchiana : 5 22) 3 oF 
9. Plerygoncurtan ovatin | | - S 14 

10. Brytan argenteum 2 i) 4) 

LL. Riecia lamellosa =| | ° 20) 39 

12. Riecia limbata : | z = : : 6 
Total number of occurrences at cach site i 123 iT 1S4 5$ SO 546 

\dditional cultivated species 

13. Funaria glabra : 

14. Riccia cavernosa : : : 

15. Riecia crystallina : ° 
Total number of species recorded for cach site transect }2 13 10) is 10 10 
Brvoplnte % cover + sd B92 19 252 13. 31412 3821S "2220 Sees 





Mell. & Tfpe) Catches. and Didiymodon 
luclunannii (Broth. & Geh.) Catches. are in- 
cluded in Didymodou torquatus. Where these 
species occurred together, it proved impossible 


to separate them into three distinct taxa. One of 


the most commonly occurring species of Tortula 
in Anstralia is usually Feletical toas Tl princeps 
de Not., which Kramer (1988) concludes does 
not occur in Australia. This study follows Kra- 
mer (19SS) in his use of 7. antarctica. Distin- 
guishing specimens of Desimatodon convolitus 
from Crossidinm davidai proved to be ex- 
tremely difficult. The number of cells of the 
filaments of the adaxial surface of the costa was 
selected as the distinguishing feature: plants 
with filaments consisting of one cell were as- 
signed to Desmatodon conrolutus, those with 
filaments of more than one cell to Crossidiam 
davidai. 


RESULTS 


Brvophytes were found to be abundant com- 
ponents of the microbiotic soil crusts on most 
soils within Mamgo National Park, accomiting 
for up to S0% cover within some quadrats. The 
crust in most places was reddish brown and 
short (<2 mm high). Crustose lichens (e.g., 
Psora decipiens Holtn.) were often a conspicu- 
ous component of the crusts. However, micro- 


biotic crust was not present on the mobile silica 
dunes of the lunette nor where grasses were well 
established. Tongway Gmpublished) has de- 
scribed a succession from microbiotic soil crust 
to grassland, which eventually leads to climina- 
tion of the microbiotic soil crustas grasses domi- 
nate the landscape. 

Four sites, western lake eee \) lake floor 
(B), limette (C), and belah (D), had) similar 
cover, With means ranging ae 25% AD BUYS 
(Table 2). Two sites, nein (EE, 2%) and 
sifenmieadee I. 9%) had significantly less cover 
than the miley sites and were different from 
each other. 

\ total of 15 brvophvte species were re- 
a d from iT transect sites. Fen moss species 
and two livenvorts were collected from the tran- 
sect sites. One additional moss and two addi- 
tional cultivated in the 
glasshouse pot trials. 

There was little difference in the number of 
species that occurred at each site (Table 2). Two 
sites, the lake floor (B) and belah (D), 
different from each other but had significantly 
more OCCULFFeENCes per quadrat than the westem 
lake shore (A), Junette (C), mallee/dune (£2), and 
silerete (EF) 

The moss flora consisted exclusively of acro- 
carpous mosses. Pothaceac was the dominant 
family, not only in manber of species present, 7 


livenvorts were 
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ba ted at Nlungo National 


whd at Poonearie. * occurred 


oina aloides Schultz Kindb. 

var. ambieua \B.S.G. Craig 

Vloina bifrons De Not) Delgadillo 
Barbula crinita Schultz 
Barbula hornschuchiana Schultz 
°Crossidium datidai Catches. 
Crossidinm echecebii Broth.) Broth. 
Desmatodon convolutus | Brid.: Grout 
Desmatodon recurvatus ‘Look. | Mitt. 
© Didymedon torquatus “Val. Catches. 
Prerygonenrian ovata | Hedw.\ Div. 
Tortila antarctica) Upe Wils. 
Tortula pagorum (Milde: de Not. 
Tortula papillosa Wills. 
Trichostomopsis australasiac 


flook. & Grev.' EE. Reb. 


Brywm argentcrm ted. 
Bryum campylothecium Tavl. 
Bryum dichotonuan Tle dv. 
Bryum pachytheca C. Mnelll 


Frunaria glabra Tavt. 
Funaria hygrometrica Weds. 
Fissidens vittatus Look. £ & Wils. 


*Gigaspernuan FOpens | took.) 
Lindh. 


°Riccia albida Sull. ex \vstin 
ticcia asprella Carring. & Pears 
’Riccia cavcrnosa lott. 
Riccia crinita Yavlor 

-Riccia c rystallina Be 
Riccia lamellosa Raddi 
Riccia limbata Bisch. 
Riccia nigrella DC, 
Riccia rorida Na Thalang 
Riccia sorocarpa Bisel. 


19 of 5964 70% . Two species 


accounted for 102 occurrences 


Hora consisted exclusively of 


Two 
Hlosa. were 


om the Ricciaceae. 
ind Re lane 
i cach transect site. 
all ive hwo ephem- 
© soil from the 
1). 
nosites am 
E cach 
urred 


Os Es 


[Volume 53 


TvBuF 4. pH and EC ‘electrical conductivity) in 1:5 soil 
to water extracts (uS/em = microsiemens/centimeter) of 
each transect site. and Pooncarie gypsum. + indicates soil 
etfervesced with HCI. 














Transect site pH EC (1:35) Reaction to 
(‘uS/em) 0.5 M HCI 

A. Western lake shore 9.0 Q.12 + 

B. Lake Hoor 9.0 Oi12 + 

C. Lunette 9.0 OS : 

D. Belah 9.0 0.06 + 

E. Mallee GO 0.02 ~ 

F. Silcrete 8.5 ().04 ~ 

Pooncanie gvpsum 9.0 Lol + 








accounted lor 71% of total number of occur- 
rences (426/596). Didymodon torquatus  Oc- 
curred most frequently, being present in LIS of 
a possible 120 quadrats. Bryn pachytheca oc- 

curred in 93 quadrats. Gigaspe rnuan repeus Was 
recorded at three of the six sites and also on the 
Pooncarie gypsum. 

The 32. brvophyte fUaee ener me 
Mungo National Park inchided 22 mosses and 
10 liverworts (Table 3). The moss ee en 
exclusively of acrocarpous mosses. Pottiaceae 
was the dominant family and was represented 
by I4 species . The Brvaceae consisted of 4 spe- 
cies, Funariaceae 2 species, and Fissidens vit- 
tatus and Gigaspernuamn repens were present. It 
is probable that other ephemeral species grow 
from time to time within the park. The liverwort 
Hora consisted of LO species of Riccia. 


DISCUSSION 


Brvophytes were abundant in’ most. of 
\fungo National Park as a component of micro- 
sane soil crusts. Two transect sites, the lake 
Moor and belah, had significantly greater per- 
cent cover than the ier four sites. Both are 
situated in flat, low-lying areas with fine-tev- 
tured, stable soils that retain moisture for longer 
periods than the more elevated, and thus more 
freely draining, sites on the western lake 
slione anette, mallee, and silcrete ridge. Mi- 
crobiotic crusts in arid regions have Consiste ntly 
been shown to be more abundant (percent 
cover) when soil texture is finer (West 1990). 
Soil pLP H1LO) for all sites with the exception of 
the mallee/dune varied from $.5 to 9.0, and 
electrical conductivity was highest for the lake 
floor and western lake shore, closely followed by 
the belalt and Imette sites (Table 4). Sodinm 
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chloride is known to enhance the growth of 


evanobacteria, possibly being esse ‘tial for some 
species; thus, higher salt concentrations in the 
oor of the lake may in fact enhance the devel- 
opment of microbiotic crust (West 1990). 

Two sites, the mallee/dune and silerete ridge. 
had significantly less brvophyte cover than the 
other sites. The silcrete ridge has less soil sir- 
face area for colonization by Drvophvtes becanse 
of outcropping silcrete rock and scattered stone 
flakes. Anderson et al. (1982) found less well- 
developed erust on rocky and sandy sites than 
on sites with fine-textnred soils. De spite the fact 
that the soils of the silcrete ridge are vellow-grev 
cracking clays, similar to ave of te lake floor. 
the ridge i is also 2-310 higher than the lake floor 
in which it ocenrs, allowing free drainage and 
lessening the retention of aterin the oie Brvo- 
phytes were not formd on, or in crevices in, the 
silerete rock, but lichens were conspicnous and 
abundant. Grimnunia spe cies are often presenton 
rock in anid or semiarid environments in South 
Australia and Western Australia, and the pres- 
ence of this genus was anticipated in this loca- 
tion. The small size of the rocky outerop and its 
intensive use as a stone tool quarry by Aboriginal 


people Ta have pla weda part in the absence of 


this genns from the park. 

Thie mallee site on the dine crest had lowest 
brvophyte cover (2%) ofall sites studied. At this 
site the soil consisted of coarse, sandy soil, which 
was highly mobile and very freely draining. Soil 
pit: O) and electrical conductivity were os 
nificantly lower than at the other sites (Table 4 
Soil pH, O) of the dune sand was 6.5, nes 

cantly lower than all other sites. This pi qilels 
the work of Anderson et al. (1982), who have 
shown that pH and soil texture are the apparent 


influential variables controlling the number of 


lichen and moss species in microbiotic soil 
crusts in Utah deserts. In their studies of a 

semidesert region in southern Utah, they found 
that both species diversity and abundance in- 
crease with an increase in fine soil particles (silt 
and clay). On dume crests in arid Australia sand 
is deeper and more mobile than it is on the 
swales between the dimes: it also retains less 
moisture. The nutrient status of dine erests— 
calcium, nitrogen, and organic Hiatter—is sig- 
nificantly later than eat of dime swales 
(Buekley 1951, 1982). Stafford Smith and Mor- 


ton (1990) reported sionificantly lower leve Is of 


nitrogen and phosphorus i in sand dimes than in 
either calcareous earths with — chenopod 
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shrublands or cracking elavs. The dime soil did 
not effemesce with ih indicating much lower 
levels of caleium carbonate in the soil than at any 
other site (Table 4) 

The Eucalyptus mallee woodland of the 
dime crests also appears to inhibit the survival 
of brvophyvtes, with lower light levels and more 
leaf litter than cither che ‘nopod shrublands or 
Heterodendrim oleifolinne woodlands. Mallee 
woodlands have a higher fire freqneney than 
either chenopod shrnblands or Meteroden- 
drian/Casuarina woodlands — (Gill = 1989. 
Hodgkinson and Griffin 1982. Noble 1989). 
lich fire freqnency also reduces ervyptogam 
cover (Greene et al. 1990). Gigaspermuni re- 
pens, however, grows well on the loose sand of 
the dune crests. It imav be easier for under- 
ground stems to pene trate loose. coarsely tex- 
tured sand than heavier, finer-textured soils and 
clavs. In some quadrats G. repens appeared to 
form an underground network of stems, which 
ust pli WW ali nnportant part in mMantamng soil 
stability. Underground stems mav also enable C 
repens to survive fire. Two epiphytic MOSSES, 
Tortula pagorum and T. papillosa, were col- 
lected from the bark of [Heterodendrium and 
Casuarina cristata. Both trees have thick, cor- 
rugated bark, and the accumulated dust in crev- 
ices in the bark reacted with 0.05 M- TIC] and 
hada pH of 5.5. In all cases the mosses were on 
either the sonthem side of the tree or the mn- 
dersnrface of a branch. In dr conditions the 
mosses were barely visible, but bright green 
leaves opened within seconds of their being 
doused with water. Tortula pagorum was ee 
collected from rough bark on the southern side 
of tree trunks and the undersurface of branches 
of Eucalyptus largiflorens F. Muell. (black box) 
growing in boy swamps on the Mingo to Poon- 
cane road. 

Tortula antarctica, Barbula crinita. and 
Bryum campylothecium were prescut at Mimgo 
only in protected habitats. All three occurre ~( 
occasionally mider the protective “skirt” on the 
southern side of a Triodia irritans var. laxispi- 
cata tussock and in sheltered, low-lying areas 
suchas aterraced section of lake floor to the NW 
ofthe Mungo homestead. Two liverworts, Riccia 
nigrella and R. sorocarpa, were collected from 
this location only. 

Two locations had a brvophyte assemblage 
that included a number of introduced and cos- 
mopolitan species. Brvopliytes collected in the 
vicinity of the original Mungo homeste “ad and 
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Sears shod inclnded Briyze argeuteuut, B. 
Kehofomune wetareaat base ofa concrete tank 
stand and Prichostomopsts auslralasiae, Brvo- 
divtes collected front damp sand in the vicinity 
of Vigars Wells. once a staging post for Cobb & 
Co. coaches on the NE side of the hnette. 
mnelnded Brynucargeuteunt, Punaria hyezrowmet- 
rica. and Trichiostomopsis ausivalasiae. 

Six mosses and one livenvort were collected 
from the gypsum site at Pooncarie and two 
additional livenvorts were cultivated (Table 3). 
The species list is very similar to that of Miimgo 
National Park. Two species collected at Poon- 
cane. Riccia albida and Aloiua aloides var. ani- 
hieua, were not present on the calcareous soils 
of Mungo National Park. Scott (1953) records 
the habitat for Riccia albida as being predomi- 
nantl on gypsum-rich soils. Aloind aloides var. 
ambigua may be an introduced species (Catche- 
side 1980), and its presence may be a result of 
the nearby busy road and stock route. 

In summary, brvophytes of Mungo National 
Park appear to be most abundant where soils are 
low Iving, stable, fine textured, with high pF. 
high electrical conductivity, and high levels of 
calciim, nitrogen. phosphorus, and organic 
matter and where vascular plants contribute 
least shading (i.e. light levels are high), least leaf 
litter. and lowest fire frequency, 

It is interesting to compare the species list of 
mosses collected in Mingo National Park with 
species lists of mosses recorded from other areas 
within the Australian Arid Zone. A recent study 

Stoneburmer et al. in press) has provided a 
valirable census of mosses for the Botanical Re- 


sions of Wester Australia. The boundaries of 


two ot these regions, Carnarvon and Nullarbor, 
approximate the boundaries of the Carnarvon 
mid teucla sedimentary basins respectively (Fig, 
I Vhe caleareons soils and underlying lime- 
tone rocks that dominate these basins Were 
de prosited as tnarine sediments during the Ter- 
far Vinnidl ramfall is approximately, 200-300 
rie vaitiniehie Corman on Botanteal Region and 


100) 200 tam within the Nudlarbor Botanical 
Reon. 
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Tanne 5. Mosses of Mungo National Park and their 


occurrence Within the Carnarvon and Nullarbor Botanical 


regions (Stoneburner et al. 1993) and Middleback Field 
Centre (Bell 1980, Howarth 1983), Australian Arid Zone. 
~ = present at this location. 











\lingo Carnarvon Nullarbor Middleback 
POTTIAC EAE 

AMloina aloides 

var. aanbigna 

Aloina hifrons - s 

Barbula crinita : S 

Barbula horuselurchiana : 

Crossidinn davidai a i : 

Crossidinm gcheebii : ° . 

Desmatodon convobitus © a ° 

Desmatodon recnrcatus  ° 3 : 

Didymodon torguatns — ° : ° 

Prerygzoncurian ovat ° 3 : 

Tortula antarctica : ; 

Tortula pagorum ? 

Tortula papillosa 

Trichostomopsis anstralasiac : 
BRY ACE AE 

Bryant argenteum : 

Brym campylotheciun ° . 

Bryum dichotomun e 3 : 

Bryant pachytheca : : ° 
FUNARIACE AE 

Funaria glabra ; 

Frnaria hygrometrica ° : 
FUSSIDENTACEAR 

Fissidens vittatus ° x 
GIGASPERMACE AF: 

° ° 


Gigaspermian repens 





limit of the Australian Arid Zone, has an annual 
rainfall of 200 mam, and lies within the Eastem 
Mulga Botanical Region (Jessop 1981). 

There isa remarkable similarity between the 
assemblage of mosses at Mungo National Park 
and those within the Camarvon and Nullarbor 
Botanical regions andat Middleback Field Cen- 
tre (Table 5). 

Many of the bryophytes collected from the 
calcareous soils of Mamago National Park are also 
present on limestones in high rainfall areas of 
caste Australia. As at Mamgo, the moss floras 
of three limestone sites in eastern Australia, 
Jenolan, Googong and Moonbi, are dominated 
by acrocarpous species of Pottiaceae and 
Bryaceace. Didymoden lorquatus, Gigasperuuan 


1993 | 


repens, and Fissidens vittalus are present at 
each limestone site. The livenvort floras of these 
sites consist mostly of thallose livenvorts from 
the order Marchantiales (Downing 1992, 
Downing unpublished data). 

A comparison of brvophytes of Mamgo Na- 
tional Park with those of limestone sites in high 


rainfall areas of eastern Australia indicates many 


species present at Mungo are also present on 
eastern limestones. Jenolan (33 A Slain FE) 
is located 792 maas.l. and has an annual rainfall 
of 943 min. Googong (35°3 1S, 145°16'E) is 670 
nias.l with a rainfall of 640 mm per annum, 
and Moonbi (30°56'S, 150°5G6'EE) is 540 m.a.s.t. 
with rainfall of approximately 700 mm per an- 
mun. Of the brvophyvte species collected 

Mungo, 52% were collected also from oo. 
6304 from-Moonbi and Jenolan. Comparisons 


for mosses alone are more striking: 62% of 


Mimgo species were « also present at Googong, 
71% at Moonhi, and 76% at Jenolan C raves (Ta- 
ble 6). Brvophvtes were also more abundant on 
limestone substrates, both in percent ground 
cover and in number of species present, than 
they mere On nearby non-calcareous substrates 
(Downing 1992). 

At Mungo, microbiotic crusts are best devel- 
oped where the soils are fine textured and have 
a high pH. high electrical conductivity, high 
levels of calcium, phosphorus, and nitrogen, 
high light levels, minimal leaf litter, and low fire 
fi equency, Limestone soils are fine textured and 
high in calcium: they also have a high pt and 
high electrical conductivity: Where caves are 
present in limestone, phosphors is often de- 
posited as bat guano (Came and Jones 1919, 

Lishnumd et al. 1986). Where karst is well de- 
veloped, limestones provide arid microenviron- 
ments even in high rainfall areas with 
ae in excess of 2000 main per annum 

(Jennings 1985). The aridity of karst geomor- 
phology is reflected in the lack of vase aur 
plants, particularly trees (E nealyptis spp-): Ih 
theirabsence, light levels are high, there is mini- 
mal leaf litter (Downing 1992). and fire fre- 
quency is aa ee (f Holland 1993). Thus, the 
environmental factors that promote the abun- 
dance of brvophytes on calcareous soils in anid 
environments are also present on tinestones in 
high rainfall areas of eastem Australia. 

At Mimego and at each easter limestone 
location, the moss flora is dominated by acrocar- 
pous mosses, and the livenvort flora is domi- 
nated by thallose livenvorts of the order 
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TABLE 6. Mosses of Mamgo National Park and their 
occurrence on castern Australian limestones ) Downing et 
al. 1991. Downing 1992, Downing unpublished data. ° 
present at this location. 


Nloonbi 


Niunige Coogong Jenolan 


POTTIACEAF 


Moina aloides 
var. qibicua 
Moina bifrons 
Barbula crinita 
Barbula hornscliuichianua ‘ 
Crossidium davidai 
Crossidinm echecbii 
Desmatodon conroliutrs 
Desmatodon recurtatus 
Didymodon forquatus 
Pterygoncurunt ovatum 
Tortula antarctica 
Tortula pagorum 
Tortula papillosa 
Prichostomopsis 
australasiac 


BRYACEAE 
Bryuim argenteran 
Bryum campylotheciun 


Brynm dichotomun 
Brytum pachutheca 


FUNARIACE AF. 


Funaria glabra 
Funaria hygroietrica 


FISSIDENTACE AE 
Fissidens vitlatus 


CGHIGASPFRMACE AL 


ts) 


Gigaspormuan repous 


Marchantiales. Ple UFOCAIPOUS TOSSES and leaty 
livenvorts are present on limestones only whe Te 
rainfall is greater than 650 min per annua. Pwo 
families. Pottiaceae and Bryvaceae. dominate the 
moss flora at each site. with Gigaspernume re- 
pens and Fissidens vittatus also present (Down- 
ing et al. 1991. Downing 1992, Downing 
nnpublishe sd data: Table 7) 

Recognition of calcareous soils in sonthem 
Australia may be possible by assessing the abun- 
dance of brvophvte s. The numberof species and 
the percent cover on calcareous soils will exceed 
the numberof species and cover on non- -calcare- 
ous soils. Acroc UPOUs MOSSES (Pottiaceae, 
Brvaceae) and thallose livenvorts | Marchan- 
tiales) will dominate the brvoflora. and a number 
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| S hes 
Hy dp) ibis Lita 
Jenolan 
945 nm per ann} 
Nik _ 
Lora ps ie 
Pleurocarps ue ke 
Pothiacewe 31% 
Brvaceac )4% 
Crgaspe rman reper Present 
Pissidens cittattss Present 


}INEAWORIS 
Leal 
Vhallose | Marchantiales 


Present 
Present 


ol kev species will be present: Didyimodon tor- 
quatus. Bryum pachytheca or B. dichotonwin, 
Cigaspernuunt repens, and Fissidens vittatus. 
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